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© Screening method for a rendering device having restricted density resolution. i I 

© A method is described for the rendering of an image on a carrier by a rendering system having a restricted 
density resolution. A classic screening method for a binary rendering technique is extrapolated to a plurality: of 
energy levels that belong to three classes : non-marking, non-stabie and marking stable energy levels. For ea|ch 
class, specific rules must be respected, in order to obtain predictable results without density discontinuities on 
the carrier. The methods make full use of the spatial and density resolution of the rendering system tn areas! of 
high density and increase the reproducibility of low densities by giving up some spatial resolution in the lower 
density regions. ! ! : 
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iField of the: invention. * 



:v The present, inventiorr relates ttf a method and art appara^ds ^fbr^ the registration of images on a 
transparent or opaque carrier by a rendering system having a restricted set of energy levels^ The method 
can be usjed in electrophotographic ^ririters or cb ijDi^rs; ■ • ; ^ !! '^ r 
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; : Rendering" systems have always" a ^restric^^Sf^tial''rB^lu%6 r n ( ' , which mainly depends on the addres- 
sability of the rendering, system; 1 They also hav6 ^restricted density- resolution. In the next table; we give 
some specific values for the addressability and density: resolution. 5 Tlfe- add readability is expressed as the 
number of available positions per linear unit, mostlydpi br-"^ots per inch".- ' • r - 



; '.System^ ,'*V" * ',1 ^V^rr 


Addrpssabiiity,, 


: f DeQsity-cesQlution )r " 


*i Paper laser printer - 1 < • 


' - 200-600 dpi 


u Bmarjf : 2 levels 


Phototypesetter 


2400 dpi 


E?ioary ; 2 f levejs, ; : 


^Medical laser recdriddr- 1 ^ ■ 


: ' 300 dpi *^ 


< : '256^4096 ; levels r 


Ther^ v ,. r . fo . ;0 Y ,, :fi ., 


^ ,300 dpi 


,^^32,^1^, 


Improved electrophotogra'phic prititef l 


/; 300-BOO ^pi 


4-64-levels — Vv 



TJlf Eurpr^an, patent application gj> p : .3^ 2te ^ ^escrib^s a_ methp v d ? applic^ble G tp a thermal printer 
with^irt^en n :^?H^fV&^ 

yaful^. a!oc^ 9$ r^ch.'^V^'e . rj enWgy .Jells' ^ ^aqci gnba^ resolutiqn by screening 

t^^!^ u ^r^^t?^ :%o^W^ accprding to specific 

rules when the input image teve^gc/,^ 

IDe obj^t ,of^ha| r^^pd js ta^aygjc^ cHffj9r^nc^V^|?L f H 1 ®^^®?^ 1 !?.'?!!? each :! a pattern or type 

acpp(ajng. tp . ;^hpl\ ..^e. r efli^y, Jwpis^ ane^ ^ign^^^ja^s^eea r cpjL, ^rne . : of : ^es^type& : are probably 




pf, higfi ^ejjsjty.,^ |J : is : impprtant to accentuate the .transitions 

orjri $ jpv^ ^fj^ty.^0 ^gh^densj^^njicrc^p ensure ^rep/od^^ 

A^^alftppe. dotcpmpos^ "Sffi^T" f?/j $*\f it kjvenjfton^ wj I j. behave, |^or\-stable r jn v an-e jectepphptpg- 

r^pr^ic, process the outnumber pf microdots^ haying., a; low 

density. J£\e r ^ensfty .changes, pbtainedby^r^^^ ac^rfling^^p^-a,. .will, be locatipn dependent-and 

1p,UjS v bp, inconsiste,^ modified . microdots. For, higher ^densities , 

when the electrophotographic process behaves more stable and the contone A capabMif ies. 5 can % be t7 fuj)y 
explp.ite^^in prder^ta ach|ey^_ ..^..maDcj^m , spatial, r^so^utipn dOf the rendering^ .device, ; :; type. 6 - negatively 
^ft^ct^ this adyantage. i.lnfthis^type^ just pne ; .specif ic microdot within the screen eel !L incrjeases, Jts ? density. 
Aripther r^ierodot jjs addressed afte^.thie previous '^icrcKjptTeach^d maximum density f> \- :ri - r \r. 

~ T Itjs.aa object of ,tbe inyentiori to obtain a screening method c for the rendering of continuous tone image 
'Pf^^^^cP^Nfs^^l^-.^y rpeans of { an ;electroph,otqgraphrc sy stern capable of rendering more -than two 
density (evels per. addressable, microdot, whe are pptimaMy chosi^i- and.- used to obtain 

a" continuous and predictable reproduction of the image. t - it 



Summary of the invention. 
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;.~ ^(o accordance : wiih the present invention, a ; method ; is described ^for the rendering of ( an image : on a 
carrier, by ^a .reniderjng system, comprising the. following . . 

, thp carrjerjs divided in, microdots, each microdot being addressable by an- address (x,y) ;, 
, ( lT tjie .imagers represented by one pixpi per micrpdot, each, pixel, having as inforrnation the address (x,y) 
. t . and an .image signal lx, y ;, , - i: r , , t . v . f r . , , - ^ : ; 
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- a screen partitions all microdots in partitions of identical screen cells, each screen- cell comprising M 
(M integer and M>1) microdots R ( ; 

, : - each microdot t% is associated wJttrv^a pixel tone^cgryq JL i; 'for transform ing> the image ^signal l Ky Tto an 
.,;.,■«., energy level Ej; ( h , -..,- M - • ■ $ , • ;<v%<--- : ,r ^ . k jh: . ^ 

5 - for each pixel the microdot Rj is determined from the address (x,y) . and ^the . image signal J^. is 
transformed by the corresponding pixel tone curve L h to a suitable energy level Ej ; 

- the rendering system converts the energy level Ej to a density level on the microdot having raddress 
<x,y). 

The rpethod is herein characterised that -there areiN (NI integer and N>2), energy, levels Ej ordered in 
10 .ascending, or, descending energy level order -_and an Jnde^ S; (1 ^S<N) selected suoh that : v ; 4 . .:: 
( - E v js a non-marking and stobje energy, .level ,^.^r. ..^j...^ - > r ». *♦ -.r. . :.:r 

- E S ..E N arc marking and stableenergy levels,; andy-jor ! . . t.; ^ -.. ^ > 
• all other energy lovols are marking and non-stable. 

The images -to which-ihis invention -relates, are-percelved~by the" human eye as differences in density 
75 on a carrier aridjv^conion^ are composed 

for example of two cr ^more-polouri components? ^Continuous tone has the usuaJ, meaning of images that are 
perceived by -the eye-as- a tquasr continuous- density * representaticm"; ^Isrcr tfrre*art and binary Images can be 

rendered by jthis' methbd on a earner, irli j-tll t ~ — "i.J 

A carrier can ,t^ : usual, whu^ plain paper onpoloUred paper. The carrier can al.sp cpnsistiof a transparent 
20 sheet, as islused- for~CK/erhea<^*pn^^ for medical 

diagnosis , a j thermo^r%n^iic N r trans parent or L opaquej sheet ^orjany_ other. j&I&bt ,7,mart^Ctgjred from any 
substance on which arj^of^^donsity change^f individual,, portions, of the i: stirfaee by any sprocess can be 

The rendering system is preferably an electrophotographic device that fixes toner particles on a §heet 
25 "of r papSf: rt Other ^enrJefrir^^be^'esT on ^Whichr c ^e 4 'V*^°^ t> We ihvbntiph t: can' "be ; appliddf Sre ^ a 
thern^gra^ '^Bi^^^r^^t^'^^rti^ to' a 'c^urrfer or rribdifies' Ibidally'tfte' optical 

*prdperti£s 6? tH& i: c*ffer Sa^fferi^^'l^lci^ liseV/thaf is ~'i»|p^Ble ^f^Sakfdl^^irid at ^'sppeifrc 

rlsolutiori RiidrcidSfe i^iTicSr^ i^t^^i r d4j^^6fmS^S or causis'a phtf6(&emi<^ 
dh'the spoPof $midr6&6\} n€^r\ m >y L ' r: ] l ^V- ^ ^ f ^" 

30 A microQbl^s^W^ femali^ida^ f He( * S^rrrer f 'orf ^ U^ldh^trte fohdeHhg 1 sf ytem '(gtftetiise 

a density xhahgeY A" ritf&ddoP hS£ a 'c^teP.^ritf s s c6Vit&f W ffe s center ; oTih£ *J$Bt c orT ' th$' ^rrier cauS£&- by 
the' renderirii^^ fefir^riiP^hl^e^V- sc^8? rfeSkn^u^ 

eta;, wePrj^irieVfcere'to^ fHrFoSritk^f^ r cSn6ided ; With 

^^eenter^)f tHe^mfcrbdcfc* The Iffeflzorlta! 3id^i§1i^r^ 
35 hbnztentalt^ M'3&hferS%'Wo 
ve«ic^fy :J §djac%nt we 0 r^ttf6tW£$^ 
but thd2mVentroWterat^ iS rrtTcrblddfs9ia¥ing : ^ 
a n uni<^&a8f^ 

po^on'y ^thfe 6enter r oPlh^'rTiicrodot in a'rJantedi^*c6^ cifuntbd 
40 hbrfzoritany^artd^rtfcMlfy. ^ ^- e3? ^ : ' ;t :; ^ r " ^ ^^^<>-^^ s "»-, n^\, 

\' the-d^isitir v rs a : tiifftise rdflfebtive' br Wansrtii^fve d^tfeaf cenfeW^of^thfe^reli^^ carrier Tddpen#§hV bp 
th^frahs|)ar%nt^^pacjije ^^ge. The d&n^1t>Pr^f^^d : ifo'is We^micird de¥istiy"^* > ^ 

of the amount of incident light 'oiv one nirtcr6dbt !, 3nd l0 th% ? amdurit ; df^ignt^r^l^ded ot 1 tran^fnitt^d iSpihik 
microdot. The human eye perceives an integrated density. The area of integration is larger than a microdot. 

45 First of all, we assume that the electrophotographic process behaves linearly in the 6p^r'a^i^al 7 anVa ,i M , nd 
that the integrated density is obtained from the average of the micro densities of the microdots constituting 
the> "screen cell;' ; th1s assumption 7 rectifies* th^^ &cri plxell 1 ASIfte' durye. 

repV^sents the §ner^fy teviel as^a functioWof the 1 firfiage slgnai: r ¥he sum of th&se energy^ levels ?i of thV'same 
ifnlage signal' b^er aW microdots of 1he f screeri cell rs "suppbs^d tb v give the' density level -as a ^ 

so image signal. ^ c : * -> : - : ^'* r - *' ; ji - : ,c - * ■ - : * : - ; 1 * l 

An energy level is defined as the amount of energy applied to the rendering system to cause a specific 
density change on one microdot on the carrier. . f : r i-. * ^ \ - ' : • r - ; 

Image information in electronic form is traditionally represented by a matrix of pixels ("picture 
elements"). The' row ihd edlumh number for-such a pixel in the matrix gives the * addreSs V.^^The' Scale at 

55 which the image information represents the real Wotld^ih columns" pfer* mm and rows" per mm r of thd re ! al 
image), the addressability ofthe' rendering* system ("pitch** of the humbfer of microdots per mrri'br per inch, 
expressed in dpi ? dots per inch),* the required sbale and ori^ntatibri- of the Trnagis on carrier! determine 
the relation between the address (r,k) of the image information and the address (x,y) dr? tfte'earrier; For this 

3 - ■ 
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invention, we presumeahat the image informationii^ adapted-td'thB resolution of the rendering system and 
vCor/ect orientation, by ^techniques /known in the art, such [that (r,k) arid (x,y) L G6incide. These techniques are 
for * example pixekrepJication (nearest neighbour). -linear >or biline^'iriteipolatibh; convolution by cubic B- 
spline functions or teell^-shape functions* in- one -of two dimdh^ions'ete; If the image information is offered at 
5 -the; resolutions of therscreen ceUs^ then' the most trivial technique %lll replicate* all pixels up to the resolution 
of the rendering system. - i.-*:* ^n; r r\ : > ^ .,^ 0 -v. t';, . 

;; ,o An- image signal is -a ^signal that,^ together with similar signals, represents ^he image: These consecutive 
signals can be applied homogeneously In time and vary continuous ly : over an eiecthcal conductor, such as 
:.a coaxial cable in analog; video 'applications. 1 -The moment at which" the imajge signal is applied.is rnostly 

10 representative for the position or the- address »of thd ! microdbt bn-thef carrier to^which the image signal 
corresponds. Jn most :df ther cases, the voltage amplitude of this ihiage signal is proportional to the density 
required on the corresponding position on the carrier, in order to obtain a good visual perception of the 
image.;; X <:-vf ' •■ ;? : y ■ c v,-;,.^-,- -. z '^-r <- .c-r -'mc: .■'*.-.. - •• ' - ' V " ' C A 

vt? The image -signal i can be> stored in^digitar r "fbrrn r in- a "merinory location and be ' retrieved c by a central 

is processing unit at the moment required to deliver it to the rendering system. Usually an image signal ih 
digital format requires eight memory locations that each can represent zero or one. As such, each image 
signal can have 256 discrete levels. To each discrete level, a specific density' can be^aslsigned, such that 
the image on the carrier is optimally visually perceptible and aesthetic. 
: : }f ^ the image ' is -a colour image; then' forTewery^l6cattoh c oh *the l carher*a plurality oi im&gesrghals is 

20 available. For applications in colour electrophotography, typically three signals per pixel are available for 
cyan, magenta and yellow coloured toner :pan^les"t3sualiy a fourth !t image f sigriaris present, for the black 
toner particles. The image signals for th© toeatioh oh f ^ component, 
designate - independently from systerhv jusr as if tne ; image 

signals for one- rolourlcompo '5v . : a n C- 

25 A screen is a two-dimensional periodical structure that is virtually 1 applied -to^ the-barrier and groups 
microdots. >:Mosti screens^rare fdrmbd by adjacent identical para^le^6grams^ called screen cells, with a 
horizontal basis and having their centers aligned on horizontal axes. The distance betweerf two consecutive 
horizontal* axes: equateTtne^ of par^llelbgrarhsv sittjated on : iSp of 

each rothepare^situated onrparallel slafttSd^or vertical ^ifibs: A^scha&n bafr ^ a 

30 specific raster angle. Depending on the^ia^ef^^te ahd the cell will 

contain an \equal :amouht *0f^microdotJ5. ^eShift^Si^ the US patent 

5,155,599. In the preferred embodimisms^f^e ^h^^^ or 
square screen ''celISi ;j having; aft Screen>ahgl§ of'zenS de§fees. J Th"eMnventi6h 'fs However" hot- restricted to siuch 
type* onscreen cells:* ; Apart frbhlf par^Heldgram shSpi&^crfee^^ L shapte can 

35 be applied to the methods of this invention. ?.ios.7-q o\ . : v.-;- !o v 

By the notion of identical screen cfeiMs' h^alit^ 
size. The position of the screen cell-on^me barrier is t: the only ^iff^rSnfce- (th^rrel^tibn in >< arid Y direction). 
De sizeeand orientation oT = the ^cfeen celi^ar^ fixed su^h-thait eatch screen cell ccJmpn^s 'the same amount 
of M (M bigger than 1)>mifcfrckiafc W the screeh cell. This also 

40 means tthat with, ever^ i position within : ^re§H Veft;' c a)wa^rs : the ^Sme^'plxel ^onV'fcflrvd' is associated, 
wherever the screen cell is located on the carrier. 

A pixel tone curve is a mearts for^ansformTng in ia one-to-ohe relation all pbssibltf vafues, conditibns or 
levelsibf -thfesimage'signal to one^bf -the N available energy levels 1 : Ejl In- a digftal system Hn J which the image 
signals are offered in words of eight bitsV a pixef t^ energy level 

45 indexesf-each having a Xralue from 1 to Ni-The Imajge'sighaf can : be'arypli^ energy 
level;, index? that aippbars ^frorh 'm'te rov^.'-will further Select the cbrrebt ehbrgy level td' be -applied to the 
rendering csystem. j 3 ^ : r; '< -<r^. <■.■- *v .- vi • Ci : J,' 1 y:e ^r-xv. 

^ .1: A non-marking energy' level is ^rv ehergy lever xhat does 1 nbt ^contribute to th^ dphsfty bf' the' microdot to 
which, tthe, energy tevel \% applied nor to 1 the mibrbdots in its < helgn'bourhobd, Whateverthe^energy lefvel, 

so applied tOTthe rte^ a ribh : hrwl<ing' energy level to r a!l microdots of the 

carrier;!;results" in nor- dbnsity change of : tfie carrlerf For an elseiitrophotographib procelss this 1 meains that no 
toner at^ll i§ de^sit^n^'^jarVierV-'' *• •* T -r • - . , ! - » : 

v A marking energy ^eN/el is ah energy levef th'at fbrall microdots getting this energy level - even thosd 
microdots surrounded by microdots subjected to a non-marking energy 'fevel - causes a- density increment 

55 on the ^carriero An^eiefetrophotographic process : will fix toner particles on the carrier oh each rnicrodot driven 
by a marking energy level: 1 Ih^the detailed^ description of the invention, we describe a first* experiment tb 
determine whbth^r an energy level is marking bi 1 - not v ; r ' * : . - 



4 



EP 0«34r862 A3 <=-,-"* 

: Actable energy level is an energy !<©yeijEp J tha^[prQduces J the corresponding imicro density-Dj in;a stable 
^or reproducible way, withir> i nearvtoler^npe§. l The- i reason .thafca density-can be not reproducible is' catfsetCby 
.the density of the surrounding micrp^ density*, the/sarne engrgy^levelEj 

. can cause different micro, : densityuvalues n is applied: Tile 

5 density values have a stat^tical distribution ; . ; with a average value Dj- rand a .variance .Sj. i An energy^ level is 
stable if the variance Sj on the average density Dj is not higher than a specific value; c or the, variation on the 
obtained micro density for >the. microdot is,acpeptable or* reproduci bier; within Esmafl 'tolerancesr^A stable 
.energy level t Ej delivery a,,density. that is almost independent from v tbe neighbourhood of, the -microdot: 

A non-stable energy level, is an epergy .leveLjthat . i§ -not . a v stable;ceriei^yv l^ve*/ Thfes means that the 
10 .variance Sj ocUhe average produced .density. Dj is larger than a specie value; : n 1 v i^r . ' ■ 
,, : lathe detailed description , of -th^^ experiment forethe determination of 

c stable ^nd^on-stableienergy levels. c - v , , - :i &v :. ->r -oJic;c - o *v: c-E'j/- z «t. ^ 

According to these definitions and descriptions, it is clear that a non-marking energy level is stable, and 
a^npn-stabje-erjergyje^ the 
75 rneighbpurhpod.; ^w.- J - ^yi g t i"f ^--m c J. wl^o -je.-upi^ tu. ^ ; ,u y*\->.*---- 

; Retailed description^ the^vantion v ~ 0 ; % h**:.^; .~ 7 .*ovs?! e* ...^tc y?..; jw, jin^, 

The^. inyentior^ is described, ^erejna.fter, by ,}way :of t examples, with^referejace to. the accompanying figures 

mk^Qh^ >Vr 3iSGhefnatipirepr^^tatip A niOi ^^aJe<:trp^h^tQg^pkHQ4pri0teccc''.' *ot»ev r s .vrn^r: m n?,^; 
yn ^F|g. ,2 cr ^ ,is t a test pattern for ^the detewpi nation of stabl&ene/sy ieyete ct^o s f erV -*i ; r-r * r . 
i; : ^ig. 3^ .Js ; ajte^pattarn for,^^e|erminagpn-x)f ^afi|^>mafkingiej<iergy> tev^lr^on v,*;- ?.\ - 

Fig. 4 is a curve tha^ c represents,to^ withput 

, Fig. ^,t iv:> -is^a .Qurye^ pfe.tl^.Mmage^^gnah for: optimal yiswal 

;o oe^ is 5it ne c fflP^RPSifeft^ * spf^P iP^! 1 ;| °y .,W€gMlpt§ t arjdHHtis^rate§ithe weening procesisj^^rw 

. ^Fig Cl 7. : ^ : LG: givfs c .a oy n^Mdii^vPixe^lW^ccuj^^^ m 4X4s screen celtiiand;the 

. r ^Eig.^Sj enr is;a ?ci^^^ 

^Qrr^s;;^*? ^Y^^tJ? 9Pn^^^vOfi?-l?4Qdrp^^%j!5i af^crt^en^peJIriibodrn^ 6ev,eietq -^5 r:i 9G?. J£%c 

-jpiSb '10 1 %i j^ves thecpn^uptipn^a^ anc$hBj s^e^rh^lhbayipgi^aquivalepfr nwcrodots^' -t 

.BifJ^l J r i ;9 iv e%;P*x^ ione i ,CLiw^ ^^j Wt^ 

35 pixel tone curves are present ; .njvi^e^. 2 jr: 3 t 0 jdohi? ^ &r!j c; beiicq^ 

Fig, IZ^ .^ ^is^ a jreprese^^^^ !so:tr?eb-: ^0 nc ?o ert ,8 

: Fjig : 13 is a : represem^ erij :c aob bca 7 e-^ 

Jni ^9, 14 rBr repre|gijis^e sarpe : ban^ met^qd r as { Rig* ?,3^^b^in th^^nSe5iHn«$ acer^K^Ntlytoftset^ eG 

0?t F^|. 15 ;; , : s^p^a^combiniitionjof-^ r1i J / 

^0 ? .^g^.1.6 fc ? . i^anaJqgquSilp.iFig^ fifteen nw^qyiy^aLenJ pixel tone curves 

Fjg^ Js js the v ,s^i^p^ and a rn^tileyel screefi<^ra s • a 

: Fig.i8 -repjte^ente the o sarnq.; as Fig. jbut , the^mierp^pte pf .the binary facfieepcdo^otifil ancinteger 
, -^number of times in a microdot of a multi, level screen?; j ;n , ";»t i tc cO'i' '*^ t>; f-uiipr 

45 The electrophotpgr^ap^ip printer:for u wbich t the;pr§ter^ .embodiments are desorib^d;. ( iS;an optlealprirrter 
that f .can € bp copceivei as, a / Jase ! r : b^ar^ printer^LED printer, liquid crystal shuttert displays, idi^taH microi 
mirror devices, edge emitter LED's etc. A printer on which the methods of the current invantion^can.rbe 
applied is, jtrje Chrpm,apress jsystem. TI71S system \s, rgarketed by ^gfa T j3eyaert. Niy.^rom rMoctsellcBeJgium 
unc^r the, tra<ie, name, Cnromapress. It is„ a duplex .colour printer, (cyan, magentaf yellow, u blackX,having *a 

50 feisQlutioo pi J^bpi microdpts per inph producing r.00 t 0 A3 pages per r hour^Pe/ >mierodot. 64rcHfferent energy; 
leyejs for tr\e. injpinged l^ght energy can be se.|ected. : The,driyp ( signals are ^tpre^djn the six most>significant 
bits of a byte of eight bits. The drive signals for this system can thus range from Otto v 255r ffig. 3? represents 
ajaser beam printer,.. on^which the invention^ was,,applied. : This rendering system.- is, driven by >an energy 
le'yeUPj from .the raster jmage processor. The^nergy level is applied to a laser /diode drive sy sternal. -This; 

55 system 41. determines^ a vpltage^jCurrent, t pulse, duration and frequency to Ijghit.gpJhe^Iaser diode 42. «The^ 
amplitude of these t signals are derived from .the .energy, level .E jf ^ which -is: translated in driving signals. A 
laser diode and the optical system 42 of the laser printer.jare driven by the^riye. signal of the laser diode 
drive system 41 to emit a laser beam. This laser beam scans the photosensitive drum 43 to form an 
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el^rostaticJatept jmage tliatjcan be pijnted.& r ?n- , image x>nvthe;cairier.r<v> ? : .->;• .-..■< > ; 

-•i v T ^ e P ut ? r 5 urf 99 e -.°f photosensitive :drurnL43 is first negatively charged by a corona 44: This charge 
remains on the drum . because^ it is. .built -fro in the darkness, without 

impinging light, the drum j;s almost, not conductive./ Gn the places .where theflght impinges from the electro- 

5 ^R 1 '^? 1 rendering system 42 A (e.g. an^LED. driven ..by. pulse width, modulation; tor induce a specific amount of 
light .energy to the, daim) 3. latent ; image is formed because^ the photoconductive material becomes 
conductive and hence the locally present electrostatic charge. is carried off to the conductive inner surface 
46 of the drum, having a grounding. By local modulation of the total amount of light or modulation -per 
microdot, the amount of electrostatic charge, that is locally carried off to the grounding, is controlled. The 

to more electrostatic charge is carried off, the more toner particles will be locally offset and the higher the 
local density of the microdot Will be. In the developer unit 47, the toner is offered to the photosensitive 
drum 43.; The developer unit- 47 cpntains a mix pf; toner particles and ^magnetic carrier particles. By a 
tri^oelectrical- effect. thc fine ; negatively .charged toner' particles stick to the ^x>arse= positively charged carrier 
P? rti ? le S:v T n e^ carrier : . particles are, r attracted: by rotating; "magnetic cylinder (not -shown in Fig; 1). This 

75 magrietic^cylinder is .kept , at r a negative rVQltageiaintermediate; between Hhe potential of the^- charged and 
discharged ( mjcrodot pn the photosensitive, drum » 43. This way a rotating "magnetic brush" Is realised. The 
brush hairs (magnetic carrier particles) attract the negatively toner particles, mainly by electromagnetic 
forces and offer the toner particles to the photosensitive drum 43, which is negatively charged on non- 
illuminated spots. On these spots, the drum will not receive any toner particles, because* negatively charged 

20 objects repel each other These spots will not "develop". On locations where the drum has been discharged 
*in?R.lR9'P9; light, ton^r particles., wM be^ttractedr.for m that case the magnetic brushes at a tower potential 
thao^the microdot ^on n t^^p^tps^rf»tlye^drJJ^^$ 43*ithe* magnetic brush repels the negatively charged toner 
particles ,and^ c the : photosensitive drum :43rrattractSr, the* toner: particles. *The more : 'the drum 1 is locally 
^SS^O^!^ by the .magnetic brush ^ will be accepted 'by v the' photbsen- 

25 sitive drum. The drum rotates until rt touches the paper. A transmission corona 48 transmits the toner 
P.?^!PL e ^l r Q m r^ tocthe camereor the paper 49; The toner particles 37'are 'fused in 

the* fibers ofuth^ip^er ^.byjthe-f 

tt)i& Reaping station; 50;' yajGi^f-jri-c-oa. :.,r. of ad '>srl zj-svzJ v«:vse is t t '\a • yj;-iv s- : l -.tc-.- 
:h-^Tterdeyelop v ment: force? a^-prppotfionaj^toethe differences in potential "belweern the" photosensitive 

30 surface t>f the :drum v 43 -anduthey^^gnLetictibrusfe The^targer this "dffierenter- caused by^ a Ideally increased 
illumination on a microdot, the more toner particles will be transmitted from the magnetic- brush : to* trie 
m JS r< jdPj- :c onWsnn /d : v?uvj5?vibni taboioim s h j ;ic-nsrrr.<«ni ^:^r ; Mi r- o,v£-> *: 

Th ; e itoper;. particles jhav^a jc^ametercpf approximately ^micrometer. An reletJtrophbtbgraphle printer with 
a .P i^^r^^abillty.tot 6Q0 ; dpi has* micro.dotsihaving'..a : side of 42 'micrometer: ^36 tbner partidles^ can be put 

35 sy-te^y; side ion^p.ne, microdot: The maximally sdastred -density^ is ?obtaine*l-if the microdot gets -about -the 
dpubfe pLthis ^^t A feei^ physical propertiescof ;thete and the 

toner are established such that this situation is obtarnedjfori maximallllumihatibn of : the^h'otosensitive drum. 
,f . rttJ 6 fdrunrvjs^ppQrlyjriJIuminatedr-Lca by,ra small energy' level ^applied "to the^electrb-bptical rendering 
s y$tem> then the, pqtenti^^^ to deposit even one "single ^ : toner partible on the drum: 

40 From a specific energy level off. sometimes.; none; sometimes one.-sometimes twb or^mbre toner particles 
w^l.,b^ deposit on thevdiium^The! amount of toner, particles' deposit or^ a 1 microdot- havihg-:a specific potential 
,e ^U also depends* opjthe; charge:distribution r in the neighbourhood; of this microdotYThis is surely the case 
for ism^l. potential ;differences:iProportionally.to: this difference, the number 6f toner particles; transmitted to 
the rdr^nj^wi^ of the microdot influences lesi this 

45 number, .and. moreover -the, density increment per extra toner particle will be less, as $he microdot becomes 
more and more covered, becagse the toner particles start covering each; other: - er !t - * ''<• '^om;.. ; : : 
- K ln t^test :i pattern ofnRg>: 2rthe influence of Instabilities; in the efectrophdtoQfaphic^rbcess 'fs £hbwn. 
The solid bold^lioes .and/th^ fine lines . are fictitious lines that delineate areas with equal eriergy level for all 
rnicrodot? within these-. lines: and subareas withr.qUasi. equal density ^De r areas designated by 'W are vVhife 

so a(§as>, obtained byrdnyiog .with ,a;low,energy tevel. LG rstands for Light- Grey, DG standi for Dark Grey' afid ! 
D ,i stands £ for, ; or black; ^obtained by. driving ;b|1 microdots enclosed by me solid bold lines with the 
highest energy Jeyel.. The^subareas, : delineatecPby .tine linbs; are stibareas that became, by artifacts caused 
by _the>eleAtrpphQ^ whichcis/different from the density of the areas to which they 

belong. Although the areas W, LG, DG and D are chosen symmetrically relative to the horizontal- axis 52, 

55 the areas ; with diffe/ing density are: not symmetrical with rrespect^to the horizontal axis" 52. The direction of 
rendering plays an ; impprtant rolfe here. 1 On the time- axis 53, the time ti occurs before ; the time ih' other 
words, the top §ide of Figj 2 is written before the bottom side* At the transition 54 from White to Light Grey; 
a .line, appears haying, a, width of about 0.2. mm.* That line becomes a higher density (DD) due to the 
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process. At the transition 55 from tdgm^GreV^arrcT'Oark^rey to Dark, a similar bancT appfears; but With a 
lower cJeosity4(UL'X- This LL band^pp$CT$':a&o<1fl3he transitft>n 56 fr<bni Dark to Light Grey arid Dark Grey. At 

^tne : tran§itk5nv ^rDark Grey/ and Light rGfi?yTtQ> White; Very disfbrbing light density (LL) "ravel rt 57 appears. 
This.iray^ is larger,; as the ^Jerasity^xa* ithe jegion« f is lowA Mainly • this last phenomena^ukt bfe avbided<by 
5 : combination^ stable energyMevelsLwith Tidn-stabte-energy levels* Therefore? We must determine the bdrdbr 

-between stable and non-stabte :ehergy leveJs; Moreover, 'for lov/ef energy levels, we must determine from 

.which energy level the density of aim icrbdaf is affected. This^wn^ 

experiments. ■; t . . ioi c. lx ■. \1 {> ..-v ,_>»>'*• . ; ^ " v v. 

70 First experiment - do'. . \w r nc t» - :t, n* ■ v. ** v -iur: ..or;:*-. t*orr 

^v* ' . - o* . . * . u ';"^ ;;vo; f»' {* -\ .'-0 ' * ulv-c v. . » *r r. -i • .v? 

. i The ; pur^ose^ofvthis experiment is to determine from 1 Whit h ^n&rgy level'flhe density* is visible : 6r thuls 
£he,ener§ry level is making. fnjordento prevent. theqnftuerioe^oSigh^ the microdots 

<indicated,by across §8i on Fig..f9 are driven. rFora?system\^ sifgn^[?>D-255ra } grdy-wedgd 59 

is >is ^imaged, #s shown M t fig; 3. below.. .Visually; :it is^0^sblfeh©d"frofrw which m<S#mefht >the density is different 
from ^he density of ithe bjank .cafYier^Th© energy leveLc&rresj&ridirig^^ the 'first rrWking 

energy, l^yei-fe. t c v $r . .scrhfiq v^>_' ■*t-",5; > ^ »rt J ;of S :J5 liso .^'\ w*. 'J v---'*' * - ui " r 

■ on -r -e^^.Tw v ; ^ v **> v >"' : *C"*^ .vl: S'^r.o;nn^ -:rtt o; vo':; nrc ^*^». ./■*•: r -.v : 
Second experimenter ( :-ue, .^.i.firo -.r .to-bi ;o'- JIKv .tili: c?c«rv .C> .«c v ^^riirW - 

>5 -T^e p4M^$.et^ijtHtsjeKperiri^ent>isr ta^.d^ tojm"Whtet?ii tf fen^rijy^ l^veMhei density on the^carnSr isr 

"stable" ^,^1 pirect^stances.^XNs-- behaviour isr<Bnrrpor#nft^ intlu^need ^bynhifef pbsition and the : visual width* 
of f #ie ravel 5;7 in-Rg.o2. 4n;^a gr^yi: wedga,icsuetti as cghOwn^ln F*gi^2.' ^^with' the finest- pbssi&le^eh&fgy 
tfstri^ultipn?fer/the^wdei:ingj systenrt;- -.tine :energyrnevei Es. •^hich?1fvfe- f l^e1>is^Jacceptab1& i fs^-vtsually 

25 deter mj,njed; . nz e nr:i ^ ;inoio^» ?)C -k^ A . *eoso er*i cori':^ ) f- >rr«-tc . \? f .T rn;^ 

^^3lis ^xperir^r^iodiGates thai me exact Imrtitibetweso st&bte a#KJ^r#c^^tvstable r energy leveis ? is difficulFfcT 
delineate;, ; bui the^KP^fimen^elearfec irnrficates.thm^thei^^ Belong ? to l the 

class of stable energy levels and other energy levels that belong incontestably to the 3 cl&ss bfiridrv%lS6ie J 
engrgy teyelsj Fpfttte ^roma^^ driveo$ignarjlbv^sv0-255, dfl^wHicrf ^th5- exfi^Hm#rrt T was 

30 exegutQGli an^riye sign^^dey.©IS33bov^t6a J givejaistatol§ leteljcand^rlt'dnV^fei&rial ?ev^lS befbw BO give'-a 
Bpn-stabl§'l§veli^np. *r. er-t mcf Denir^rffvi- ^d uiw ebioitiso ioro; e^O'n ert? ,>;bc^;H^ & no ^ci^riurr.A't 
If each pixel in the image information drives a microdot individually, by making use of each fimevthe : 
sarfle^nentpeifn^ cuweplheh^afi tmage-ithavirfgi dcpTO^^u^3*uPcfensit^-Ti^ 

pe carrier^ ;.a&$feQ^p «^thej«rapfe ^ jTtgr,-4£ This g^rBsbowsrth^'Oterfgjty* fQftcttm of th§ drive ■gigffel-Tr 

35 tal#3R ; toj b^iegual^oct^ irrmg^i:3igr^.cDEive^sigral^OT3^g^5si h^* 0>31 »gh7§ ff r Very c srrteH d§n§fty ? 
ipcremenfcJlr^age^grjiaJ^ SS^upi f0at60-:giv^ adargfity, diffSrentiatfe^^lensity.^figKer^riv^ ? -sigrraKl^vdls give% 
sraatt d<3^siiy4^ the ^mesfdrive-signah ihcrementc el rjoijea^ ^ t f1: Jcnr rioua rr.r:-;; e*^ ^ . i 

' Pg* ^ giyesxtheiTesun/e^Qf yisy^ ; ip^ei^ionvfpreioptimiim image ref»oducttah:^h^ 
small, diei?sity^charige h 3ino^ow ; ^d@nsfity r^gicms. and .31 ihigtrerxdegreie ^vofs^fe^sityc ^dh^ge ih^HigWer density^ 

40 regions v:; wh^ ti^^ufnan-^yje ..is-leastyse^itiverloffjsmall dei^ty^v^latiQinis: -c ^ ,-» v ;^qs £ fn< -vn 

!5iJr&^^§6^£5r?^hirfci«jCl^ r^roducible-ih a stable manned: 

Ihis-is,-possib!§ pnly»l?y uging scF^QntogdtechniqueS'j This technique? reduces the>spatiai resdlutibn in favbur :l 
9f tn ?:.d^nsity resolutions Ar> ind«vidMal. microdot ;does\hot ifeprodiiice ^xac^r th^ensit^ thatT^re'quir^ 
the^gtyen image signa!- fpr.the pifxel corresponding to that imtcrodot' 'The^icfbdotSJare^arrangied^ fntd screeri i? 

45 cells. FfoR thes^sqreien ^ell%eit is the purpGse^that^ the integrateef -density, Wer< all rhicr6dots in'-the screen 1 
cell approximate the required averageocjensity^of theuCorresponding>iimage: segment t .^ cv..; ^:tr: r-i--r.; 

■ rvThe bigger, the scr^ ceH jV jn:other wordsethe: more mierodotsfibeHon^ to dne'SCfeen^delfi' the' more 
accurate tt^is yapprp^irnatipn can_be £establi^hed.i;TJiisi*imprcwed jdensity^resblutibri however > reduced ttie T 
spatial cesolutipn.-There^re, the !f numberi3famicrcKdotS;M,pe^^ Us^ho$eln j a§ f a fDhdion c 6f the 

so resolution pf H the /rendering: devj<? t er tljie^ required nspattal resoiutiqnpthevdensity resolution ®f 'me^re'rideririg- 
sy^em^and^th^ required, density resolution for tbe images The ivalueJfor Mctsan be- selected -to^be ; 2i such 0 
that the microdots render two by Swathe-required den sity^ Fonaisy stem tra\4ng eight energy fevels ^and'ci" 
required, image pre,soiution of 25^ -densityi levefs, .-.an screen with^32 microdots -per: screen ^celP can' be° 
necessar^t v ;C(i f .,. y . , ■ t .vj ■ ^' r. k . ;<5 C n- i> * C v.. a* ir^v; ■» :; ^ ^ 

55 , F 9f,.'W s embodimenjt, tas-js shown, in- r;ig ; t 6,-a screen having sixteen microdots 60 per-scFeerWtell 61 11 
has been chqsen. ; Each microdot ,Rj gets a differed pixel itone-curve L| 62 t depending-on the positidn of the- 
micrpdot. The* pixel, fone curve is represented here as, a table 62 for each, microdot J60, -having T = 25i6 table 
entries, one entry per possible, in^ut signal:- It.. The .table value .63 us .an ^energy * level or a drive signal- 
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(energy level index) for one of the selected energy levels. " * ^ 

By selecting only the stable energy levels Ei, E s and higher up to E N for use as drive r signafe, it is 
impossible; to reproduce the required amount of low density levetsi Tor optimal -perception. This forces us to 
jselect between ( £q and Es a. certain; amount of non-stable energy 'fevelS, thai: can -be used in combination 

5 .with., stable energy, levels Ei and E s or higher.* If has no sense to^select energy levels between Ei and E 2 , 
because . the energy levels between those two" levels are ■non-markingV : Tne next energy level following Evis 
■thus- .Ej.::* It has also nonsense to. select ail possible energy levels between E2 and E£. It is sufficient to select 
.the . minimum amount of -energy - levels: between E2 and E s , necessary to realise the small ; density increment 
? prescribed; by: Figi 5 -^by- an energy level increment \r\ i one microdot of the screen cell. Iri the current 

10 embodiment, implemented, ori : the .'Chromapress system, flie energy levels are selfccted^ equidistantly 
between Ez and £zs*-y* r ~ • : -ors-'- ':o.v; i-r: 4 *? . 

.^rr Also between: E s andEw a number : of energy teveis must* be established, such that the required dehsity 
increment for an image signal can be realised by an energy increment* for 'one ormoremicrddots. : " 
/. vln*' Fig; 7, sixteen pixel tone- :curves are; shown ^fdr "a squara^ screen cell, having four rows and four 

75 columns ^of microdots .^Atithe right iside^the^ average of tl^se^ Sixteen p&er tone curves is shown, together 
with . their individual contribution. The topmost line, represents the*integrated. density of ■ one screen ceifas a 
function, of . the drive signal 1 fdr all microdots jn4his v s<^eerf cell having the same image signal iT^The vertical 
distances^ between two consecutive 4ine$Tgive the oonfributiorv oJ eacW individual microdot irf the screen cell 
toi the final density t of :the whole; screen 'cell: ; oh:o, .-— . :*.::/! f , -\ s ■; --w: " 

20 i nr'AW is&lear that thee pixel tone- Curve U (for the ^microdot first takSs "all ribri-sfable energy levefvafues 
for a;short image^sjgnal interval; while; the>^ lowest enerjgy 

levels As soda as the microdot jR* -arrives at ^ stabi^ energy level E^the^ pixel torte' curve- U : gets the horl- 
stable renergyr levels -approprrated^untit this ' pixel tbrie curve for the microdot* R7 -arnVes' at the first stable 
energy^tevel. 'The* microdot fU remain^ atithe'^table^ energy level E s for all -these ^imag^ Signals/ while the 

25 other.vmicrodbtsirem^ This goes' on foK'Sl rhibrodbts in the 

following:; sed/uerice^: -4, ^, :tOV *3^'8, ^ ^1M^1^3I^ 9,^6;- 12^ 15, *2/-5;%n#''air-n^ 
individuallyj to actable ^energy tevelpiTheri the fir^ S:' ^> ^ u; & 

£ As .soon as^alt microctotsHreatshed -a stabld eri^yv fe^1,= thg$ec8htf : » ph'ase is started -sirt'd the 'microdots 
getoam rncte&sed energy 3eve;h-one 'iafteii -tfte" ©Sher.^'Ne; density increment Tor ^thd image" thus uniformly 

30 distributed oveMhe^whoie sb^^ "Q 
It is clear that, in the^second iphaseV^ 
pix£i tphe^eurves:vrfrnecegsary;ethe energy lev^^ncari ^e^ihvdfv^r^w^icH-' Kas' ' nbt c BeeW dorifr for the 
current embodiment; rlrr the: setoTTd'iprl^e^^eJfg^t^h^maf <>niy ^tfeHdftfererit is^able v ehe1rgy leveis ; arte 
present tothe scr^emrcellith^must render a'c&nst&ht irhage ; siQnal; : Moreover, these two different energy 

35 levels are: preferentially-neigribouri^ Ef+i'T This Way; 'the r ri^diBring-s^erri--» is 'lisW ; at 

its hi^est pbssib^e^sp^a^sr6sofUtior^:-^ c ^:;cJ:^o ^r^vj, -v- e r* t T a .p" r » V r> 

y-o 1nth^ to a : density Idw^f than a' specific density IDs- 

t*re sc;re'en r cell-inrthe cniirr'em ex^aimple>was ; arrMg^d 1 such that ^ at' mdst bne rnicrdddrin the ^creeh cislf^ets 
^ nonstable energy: leveMin th^^Gaselthat^al^^ 

40 Thrs ceta Jbe^ Iseen: f ronr the cumulattv^^ graph - irr Fig/ 7f at image signal level : I =T05t* Grily 6n^ pixfel tone 
curves at this* signal leveM t^v? spliK off. The" curves having an index loWer than 6 remain constant, those 
having (art index higher i than- 6 follow <paralle)y the curve : The bther rhicrodots thus get a stabfe markihg 
energyrlevet'Es or a ^^tablS^ non-marking ' energy -level Ef . This is advantageous" for "the stability or 
reproducibilrty and the* restricftecl density- variance.' Thus, tor a specific image signal 1 1 v ; thie microdots 

45 belonging to the screenvceil ciari 1 be divided into three'^ts. The microdots belbngfrig to 1 the first set have a 
piKel torie ^ curve ithat transforms-thie specific imagfe sfgnal U - to a stable marking energy level Es...E N ?The 
mrercdbts belonging tbthfe^sectend set have a pixel tone- curve that transforms the speafic image siijnal U,- 
ta"a r stabl^'nonvmarkrng Energy l^veP Ei . The nlicrbddls belonging" to' the third set have a~pixel tone curve 
that transforms the specif id irhag^- signal'!*, to *a r ndn-stabt'e' marking energy level EiT As discussed abovie, 

so the thrrd set contains dnly»<^*m the example given fbr I*>==105, the microdot is Re. Preferen- 

tially, rthe ; specific density level 3 D s is selected- tb be J that density level that is bbtSnecf' by driving all 
microdots with-the first stable energy level E$j * L — "4 / - ^ ^ ' >- - : £ 

v. : For this embodiriftent, applied to the Ghromapress -system, the following drivi© signals for the energy 
levels were chosen :^ < ^ • 1 - ^ 7 • - 1 J- 1 v -' <- - • ,1; : v 

55 Ei .= 0^ v ^ ' ' :* • ! ^*- * V " j: - - - : ' • * 

E 2 = 41 =U .-: ; ■ - v - ..--o. . i--r: 

E 3l <5,6;7A9.io,ii = 53, 65, 77, 89. 101, >1 13. 125,- 137,^1 49- - ; 

Ei2*= Es^.162- » \, ... ■ . v - f- \. ) . c . .v;. r 
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£13,14.15 = 178, 194,210 -.v.e v ; ; t T - ^ r ■ ; . r : y--:^nst 

C.E16 - En = 255 , : . .. •• ..b Oi 'mj !«,- ^ * ( . : . ~ S . £ / * t-if i ' - r ./ ? y: ^ 7 3 

? • As soon as the screen-cells, have more., microdots, it, isr advantageous to allow more than one nonstable 
energy levels per screen cell. -Thi§; is especially the.,case if n in order to .increase the spatial resolution. -the 
5 number of halftone -dots pen .-screen, < cell is , -increased, A halftone dot 3is a contiguous o/oup of: marking 
microdots within one jscreen eel I. .Preferentially,, eacfihalftone^dotTeomprises at most one: non-stable energy 
- level for any, intensity Igyel . I-,*. In : a preferred embodimenU the, artaount oi microdots per screen cell -having 
a non-stable- energy level must not;become.higher than a specific percentage of total, amount *of microdots 
fF in the, screen ceil or marking^icrpdots. Preferentially, theratio of microdots belonging to the first set- to 'the 

io ^microdots belonging toahe first anc(/or second set must nQtrbe<bigherthanM5%. *?. ->■- i r-,» < • ~ ^. e 
For image signal levels, for which not all the pixel tone curves reached the first stable : energylievel it 
is .advantageous to keep the maximum energy, level., to -the;, level Es for the microdots .with highest density. 
This also improves the spafial^resojution, - w v, t ::.v;.x vo^::..rM * 
.[.(= Once^the pixel tone, .curves are established, cfhe 'screening .process ccan starts This is done asishown in 

75 Fig f 8. A clock signal generator, 28rgenerates a .clock signals having ^ ffiequencyi determined by theiphysical 
^characteristics of the rendering device 23, ^1 s pjpck signal retransmitted to.-jan address generator -module 
:27. ( At the/rhytjimt^the.ineoming.-clQ the^ address -generator, module 27/ generates simultaneously 

ia jsignakx and- -a signal -y. .At : each: newwClock.putee. anotKer^ combination .(x;y> is. established.:. Each such 
combination corresponds with an address of the microdot 22 on the: carrier; 2i\ The signals xand cy'are 

20 : trarismitted to t^e-jro^TSigpal^^Piyiyhit 26, to Jhe; screening unit -25 and to the. rendering unit 23. When 
the^imagey.signal memory^mpdule 26 repejyes the.isigr\ajsi x ^ataGbyr fr<m%therv address generator module 27* 
JmoduJe 26. will address a pixel 29- T wrjjch determines th^idensity oi the-mierodot 22 .-- with ;th& add re'ss;(x;y) 
.and ^will apply ^%4mage T signal Jx,yrfPM n iS;,Pixelito <#>e screening unft 25icThe;cscreening' unit; 25; recedes 
,ttree ; signajs -: the ; jmage c signal * Uyrfx and y. ;:Ihes v eathre©:isignals;ia^termtner * :as we "will discussion 

25 conjunction, .with 4&g.JS n-cne^energy inde&SjgnaJ;j r f$^ lbto> N:.~N* is fthe numbe^of 

,felej:ted^ j, gerterateokby. the. taster unit 25,*is :appliedctD_ annenergy 

level module 36. This module 36 applie^, t anramou^|i,ol energy, haying! ^energy- levekEpdependent;On*j#ie 
..value qf the-,er\e|gy € in.c(fgc ^igrial. ) t , terthe^endering^y^e^v^*! T^h© len^^ri^g ^system thus receives rfrom the 
.adcjress generatpt rnodule ^the^adckess signals x^and. yiriap^frprrtj^^energyHeveh moduier36 an amount 

30 of energy. As <|e£cnbe^ Jhj^e^rgynte jt^v^ 

;microdjp^.22^fpr^wJ^c .i Sf !, Zl 3*,^ 

■eit / n Eg- ,6 feshown. how the : ,screemr^,uniu^ t^x^signahfrorTi the threeesignatecx ■ 

y ^^My. Tha^re^ening unit.25 r ha^ a processor r ur%trj# cprnbinationrOfnS*grialsfx-and 
y, ,a microdot Jndex signal tom^jfepi M, whenein .M represent? the^urrHoefi^rnicrpdotSoper screen rceH^ln 

35 jWSeSXj^P 1 ^^ !he*nnicrpQ;Qy^ 

represented in Fig^ 6. The screening unit 25 further contains a memory imojdule.ijitowbichi .the pixeJ;>t6ne 
curves -ara store^ under the A form -^digital jig^|^^^r§^tlngrtthe 'teee^y r.tiiidex signal^The^memory 
.rhodule is^organisedisiich that by a^cjr^ssingrit wrtbrcnniojo^otB index sigr>al4 and; the image signaiti^y; the 
e^nergy^ index .signalj b^cpn^e^ -available, for ^processing ,in^e^nergy/teveKmQdule^ ^rom-trris description it 

40 is cle^r that ,the ; pixel, : tone curves can : be^arrang^d \in ra-^wp-dirpensipnajiia^ray orfilooknup- table; :(LU3c). jt:iS 
possible jhoweyer^tp.establish different .organisations, such.as, a-threerdimen^iprjial ; t-UT, sin which the. signals 
(x,y) ; establish % relative position- (r.s), of -the microdpt. within .th^.^reen>edll&a^ 

entry, ,for a three-dimensional. LUT. This way the energy, level ? index jo $, produced. ^Another embodimerrt ^can 
sjtore N7J image, signal .threshold levelsJor eachrmicrocjot jn^. screen pejl By Lsucc.essi>ie,x:onnparisoo^of> 

45 ,the, image signal -with these, image signaj thres^pld.yalues,ithe ( en^gy t |nd€x i sjgnal is-e^^ yni,, r;>-/;o 

• For thej secpndrembodiment, wOrre^fer to, Fig. 9. Jn i; this jigjure^ rectangular screea qells ara built having P 4 
rows. and Q, columns^ rnicrodpts.. ? ln the^screen .ceH4s- attempted to reproduceva band; or ; -a sJanted jlrne. with 
finite width as fafthfuJ/y as : possible. In the took; "Fundamentals of Interactive computer graphics S by; Foley 
and .yan Dam ,, published by .Addisoa Wesfey , - Reading/ m 1^984, an algprithn> is .deseribed to represent such 

so a ba^d on a monjtpr screen. To. represent .such a t»and c on-a f grid ^f miorpdots with variable density, the 
density of a rnlcrodot made: proportional to that part of. the surface of the : micrpdQMhat is cpvered ;by;the 
band to be represented. In Fig. 9, a set of bands, passing over the screen iCell^are represented, by .hatching^ 
The areas common to .sprne microdots and ^hatched bands are, outlined :by a bold line,- If the : micrQdot is 
fully contained within the band, then this microdot gets the highest required density. If, ;-the:' microdot is 1 

55 covered only for about 50%, as for the microdot in the bottom left corner of the screen cell, then- this 
microdot gets a density that is half the highest required density. * ^ 

A band is characterised by a point on its center^ line,-; a slope andja width or- ;f or -slanted and horizontal 
lines - a vertical height. If we select the vertical height of the band proportional to the required- deosity for, 
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the whole screen ^ , r -s 

generates periodical pattern of center, lines on the carriers having ^the same r slope and equal distance 
between each others { - - {*/ . , ■ :u J ;c K-t'^' ^ . : . v . . 

,-. ; select a pixetl in, the imajge, information, that corresponds: to a microdot on : tfie carrier. Superimpose on 
s each center line a band, the width of which being proportional to the density required for the microdot. 

The density required for the microdot is determined by the image signal of the pixel and the 
perception curve, giving the relation between the image signals and the density. For the image signal 
that corresponds with the smallest density level on the carrier* the width of the band is zero. For an 
£ ..■ . • j^age signal that^cprresponds/ with : the highest required density on the carrier, the" width of the band 
10 -\ t ,equals : tP the distance between two. center lines p v: i a- *" >j . - ~: r. 

compute the area of ;the mictQdot,>covered also by any band : - : -s > 

-,r ^ assign . to ; the micrpdQtj a density \ that *is proportional to the com puted area; ' If the computed area- is 
z$rp; t in pjther words ,\t the microdot has no common area with any band,*; then the microdot gets 'the 
smallest density on the carrier. Is the microdot completely situated within one band or if all bands "are 
75 ; v connected, then the microdot gets the highest required density on the carrier; t- ^ > - J 1 

The implementation of this method is done analogously to the preceding method. For each microdot of the 
screen cell, a pixel tone, curve is created. ^Th is; pixel tone curve is applied in an identical way as' described 
in~;F»g>-8-^ - :\ x- .n » .\„z ?nc ,e^T;iv:o'; • -'iy :: n>z - ^ : vi.^ c^Sv.vr .t y.: 

Tbe : slope :S : is theTtangent of ^ the -angle- indicated' by thei'arc* in vFigrg.lri ^our "embodiments, S" is a 
20 rational number. :Th]s means: that- S ^ean -beFwritteh as <th& ratio Of two integer riuhibefrs: Pr^efentiallyi these 
two integer number are small,-; after-reducing the fraction: to its lower-terms. This< ^ way v trie screea c6ll is also 
small. .^f.. : -,,v:- A " M-.o. r-ie^.fif f. v k> mmo** vsc n*. \* : toty. - ■. / n v^-t !••: r-~.j h< it r»j ; k ^ '.z-i'^ 

z: The same, applies, for the;>vertical : distanced? fWhicrv is always a National number in bur pr^ferted 
embodiments.,--, c.r., ?or>c cv;t: s ^::.e.*i£Wi-A< a no TSEn's.r. b<t ? s-r ; w * ::: r i&'T.;jx,r r.v.r ?!;v'f *c ^ rifo, . » 
25 oFpr tb^creation^oUhe pixel.tonexurves^thevfbltowrng^elements must'bfc-khowri ; : - ^ ; 

; ;e -\ the number, of -rows P and the<numberof eolamnssO of=Triicroddts-withih the screen cell r - - j : - 
: ,' t Tt-.'the L:Siope f .S;;ofi ^ the^centeri>linesJ cThrs 1 isr'the: tangent of th^ an^le^between the center 3ine and" a 
horizontal linage e.\i no csbv^ 1 /i;;-:?6t. tea&ip^^' l^^'rVt ^U'uor^s i >a \ i:.:^oe,-\ ?^^v.-^.o-i *i 
e v c-the, PQsjtionr(>(diYoi) whereLoae centerlineupaisses through/This 1 positiori determines- the locatiori'of the 
30 ft&i c,sc^^n^re^ativetto;jthe,centerlHries'':: rj-L?? ec t^frn 3rioi + £x:-":r«ec v?L-r''r r-rj .:---v,v ^ * v v -q 

•£ r'j; -ite* v^ntiqal yisteuncecO between^ two^don^s^ceitivei cdTitepilinesv^ji v ier eo s ^:-.:-:irii ?i /r_ ! ■;■ 
o: c ^igri9 lis composed ibased omthe; assumption ttrat trie'imicrddots aresscjuare arid^that theyfiave 'a length 
l-. iThetoth.erf attributescareic B =9; Q'=5;cS^9/20;^D -&&4 and-the 3r^qUiterhent theit one icehter : lihef passes 
tbr^ughtthe^upper laft^corneri0^ther,screen^cett. slom^ e\:*A .in: c >: >iru b^;.< i : ^ j^^: :^ro> t 
35 For each of the 9X5 = 45 microdots, a pixel tone curve can be computed by 'estiablishlhg thei width of 
the; .b9nds for^each .possible value; of :the image ;signat,-t>y computing! the^cdmmonVarea^etw^eri th^ "bands 
and fte -mjcrodots^determining; the density^and the^correspiondfng energy ^level that causes this density : : 
Lv;r.|[n;Fig.,il0^a second exam pie. fori this embodiment's sho^ having, the paramet^r^P =4, 'Q = 8; : "S = 
P = 4 ^indithe eenteri^line lpasses. throughc«the>center ^ point of the'fdurth microdot oh' the' first row of the 
40 scrj3eni;cell.:_ln ithis^igure, ^it isiobvious^that the area covered by* the bands in iall microdots 'numbered with 
mjmber, 4 js^equa^^ a- covered afW'^Ual \6 that e of 

the microdots having number 4. The microdots 4 and 5 thus have identical pixel tone curves and therefore 
are called equivalent pixel tone curves. There are only five non-equivalent rhicrodots'lV 2^3^4 + 5, 6+7 
and 8. For lower densities, a pixel will give the most important contribution to mibrodots having number \, 
45 As the density increases, the contribution to microdots having numbers" 2+arid ; 3 Increases. F6r-eveh f higher 
densities, the contribution is assigned first to microdots 4, - 5- then ' to 6, 7 and finally to^ 8. The specific 
contribution, isrrmost -Often, equally- distributed* over "ei'ghP microdots 1 ; for microclbts^ : 1 r and -8 over four 
microdots within the screen cell. <? ".\rj ?y.y i> ,><~>:^ , <. ; r n- : ; c - 

ii:*^n,Fig.: tl, pixel tone, curves: are tsihowh for 'a screen "cell with P= 4; -Q=^4, 'Strand D = 4. Hefe only 
so three out of sixteen pixel tone: ^curves* areidifferent between each other. - >■ 0 , . ? i 

In the extreme case, all pixel tone curves can be made equal to each 6 other? In ^ Fig \M the' pixePtbn^ 
curves for this situation are sketched. In that case, the division of microdots' fn ^screen cells 'has nb' effect 
and the rendering system is used at its full density resolution. This is acceptable for high densities with 
stable energy levels, but gives problems for low density levels, where nori-stable eriergy levels are used. 
55 Because of these reasons, it is advantageous to use^ a mixed -mode between' the ; above described 
method to create pixel tone curves and the situation where all pixel tonef curves are equivalent. For Ibv5 
densities, the. method with non-identical pixel tone curves must get the highest weight. For higher densities, 
the method with identical pixel tone curves is most useful. In Fi§: 13 ; we show the pixef tone curves for ah 
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implementation wherein the influence ofcth^tfrst method* (Fi£j. TT) discr^ses^Jinearl/ as a fQhfetioW ! 6f the 
rlevel of the image signal, and the (influence . ofcthersecond. method (Fig. 12) increases linearly. *lf trie pixel 
tone curves in Fig. 11 are represented by Lj and the pixel tone curves in Fig. 12 are represented by'Kj, then 
the pjxeli tgne curves in: Fig. 13 can- be represented by Cj^where Gpis aweighted sum oTLy andk^SuCh a 
weighted sum, can b& mathematically represented- by r ::^i - :> y. c, . v. ,o-. 

Cj = Wj * Lj * Kj % r ) .m >: *,r -v -.- -^n;. .: v -i;- ^ . n-. ^ s .:^:. 

Care must be taken that the cumulative? sum -of i the ideFntipa! pixeTtone Curves K f equals-to the ^cumulative 
sum of the different pixel tone curves L i( such that - toytcthis: operation -hd general density ^change is 
introduced. Moreover, the sum of the weights Wj ,+ Vj! must always equals to one: Preferential ry, the weights Wj 
(and ^ thus al,sp vj .are nQtpQnstant focalhpixel tone curve jentry numbers' i, butvary according to ^the entry 
•rnurnber i t ><>r the imjage, signal level I**; A proper choice is- that wj .varies m'-a* linear way according- to the 
eVj^u&fg&l*,*. tjr v. -v v Or' A", \ cM'. 'r*c-o :.:>lx. "j.f- * * r 1 .^.nt *:c : :;*r- .r,.r.~ 

Other mixed modes can^be^ imagined, for which ther weights are not a: linear fundtioh of the image 
cSignals^K—oi:- f.j* ^ .\*r% - *c " • v;c.rn...«x rf".yc ' '-1^". :r -r.»: -'^ 

| ti , ; ; The;;fact that rnicro.dpts^re equivalent, reduces the ' amount of different de^rvsitifes^that can be reproduced 
by a system having a reduced set of energy levels. Therefore, one can select a situation that - although "the 
screen cell f paraiT>ete3r$.are.: nearly -identk^krrresults^in JSss equivalents microdots n"hfg cari'fdr exam^Te be 
realised by irfipdificatiQaiof^the^fPOsition .of thetpoiflt;(Xb,Yd)^that is traversed* byi &m cehter'lihel In Fi<j?-V4 
•the pix0i, tone purves. are>$hoy/n for e 4X4 screen jceJI:-with l^and .B = 4^hferfein thtf centeMine <fbes hot 
pass through the center of the microdot in the upper left corner of the screen celL The center line got r a 
downward^^anslatior>oyer ^quarter t^iei^ot. AteonthisCmett^ identical 
pixel tone curves. Both embodiments where the center line traverses a microdot center arid-wher^^e 
center line is translated Iwe^adyjantages^ 

curves are equivalent K andi^ f th©y ari£ addressed ■ by£ an 

^xtr%indire6tipn. r Tt}e : ,seQQt9d^jtua|ie(Ci has the ad*<amJageithat tfierb is^priorlra cettaan^ifferenftiaftiorrj -which 
is sometimes necessary to arrive at enough different integrated density levels on the carrier; / i- ; tJ>o - 

Another, cwayjtps^^ toiallofc dt#fe^ht^erturt^tlons* to the 

pixel tone curves per microdot. These perturbations must be such ;tbat^he*meoefffeGt^for ith^Wrfe)te screen 
cell does not introduce a density changfeeTbis : <caitoF^ Compensating the*' perturba- 

tions, inducefJ^ a pixebtpne purve^on # i^xelr.ten^lcuryfe from an daquivadent mtcoGftb&dfcmrjts rhicroSots in 
a scr^r^-qel^£w:e c egMlva(^nt jwith^re^^eGt ^Ojea^b otbercth&f^rturbatieris aire- Preferab^cc^pdrflgat^d -IriTthtf 
microdots closest to the perturbated micro dot. More remote paffsnefeequiy^dpt^microdiats c&r#gefHh^;s»rfi3 ? 
Or t %differ€tntp^ur^t*Gn^ c : ^j^-to-. *n \c: e-ruj eno? iexio 2 .srcbc-Dtrn & - e/9. rbso 

compor^ts.iReg^r^io^Qrrctf^pf^ji with.^espeetftc&jfttoeYr^cteingi^ 

unwanted =qoloufe chang^ r fpr ^cf^nyyjSQieening^rtec^niqu^c-Thei bandicpattQrn^ini this:^e«nfngt'imethod 
r^uce^ t th&^er^ibilKy. fpr P i:egi5tra^ipa%«rQrsicFor eyecyieoioyrt* component^ ^nothen felopeitS m tne tcdnfeP 
lines ys chp^ej^ngth^ ofeject^is & re<Juc© meofttb order eMpte;: by: techniqu^scas^scrtbey.iin:>the^^ 
patent 5.*1 ^5,!59%^er;jiif^reflt^cQlQUfs? prjef^tably laa^etrottscreens^shown- iniFigcllSristseitected; bkvingf W< 
fpUpywipg pa^m^ter§ v n:i _, ? s , \r> z>S\)~^\ . :ir f> ? r^nc > vo^y\o*:r. ^nT > iv^r:\un g/.-^ri -;-:/v;'-oirn 
Kj JBI^ck |» Qp^S.^ 1 ^ t4i«- , ' . : . / io 3;:i ^orn .^At; v:^{;'/:,::o L^iUso 

C : T CyaQ lf : g.^3 t rC^li; r S=4/4,^^ ; . c . v t^o,4^ *lv i^i'.i & ,rei) ?ne,: ■s/vo. : i 5 l ^ 

M,-: jvlagenta^ P =42^/^5^3, -8^,34^ E3L=^tp. v M -sd ir>.r ^. nc : ; ua:---r::\ ^i<r -:.o ar^ c 

A(thougrvthe big^est-ser^n GeH^ontainjs ag^r^icrodiots.eonlyi-six ditferent pixel9tone: J curves must- stotetiP 
The equivalent cells must refer to the same pixel tone curve. .1 r^-vs. I ,r;}».\ i j^oir: ; 

irvFjg. § $cr§en^ell is^s£|own having l§^l5c4Twcrodc^s. The three cotour components hfetVe,a^screen 
cell with rational tangents for the slope.&nd ratipnatdistaoces. between the. centendtnes of theit^ara^^andsr 
Th^ parameters for this emb<^imentar^ as f fpllaws ^ - > ^ c . 1 i^xc 'o eo^c ^ »s vf.: . 
K : ^ack ^=^5, : 6=4^?S = 1^^P=^,^ ?r : -.. 6 . ¥ - : > : v.-i 1 . -v:^2 n -,^..1*^ tj -«.c ; .-.^u. 

C; Cyan : .;.B = 15 fi Q = =J/4, D = 15/4r r - ^ L ^, a ; . r ; ; ^ i : Ooj^ V i ^•leon-v , 

M : Ma^er^a ^P.^IS, (^|,5 >t .;§ = -4- ?c D = 1J5 • * r rt . . . v - 1 ' . .4isve : v i.Kis? 

Y -Yejlpw : P =Tit5^Q =^^1 5^,.S % -t t 5 ^Npt showrj prnpigy JIBJtt • ^ * i. 'r. b C^->f.; ! c « it.- 

Analysis of |;ig.; 16 reveals^hat only fifteen ^iffer^ntvpixebtone^ curves are. required for '225; microdots. *. 1 ^ f 

A third ernbpdiment/StartSj fw^m^ wh^evjer. existing., binary ^screeoingf technique^ for ra: ^ maybe- even: 
fictitious .-.rendering system having highrresoiutjon^ln Fig. 17 4 screen ceH 24 is shown with P = 4rand Q =5- 




EP Q*634fi62fA* 



real microdots 33 ; for.: a: rendering system having; a: p>lL(raljt^ ofnener^y . levels: Each' -real microdot 33 
comprises sixteen (4X4) fictitious irticrodots 34 ota binary rendering csystemr having a spatial resolution that 
is four times higher. The fictitious microdots 34 are organised in a fictitious screen cell 24, having 
20X1-6 = 320 .fictitious mjcrpdots 34, ^Within the fictitious screer^cell24; ifittitioujs halftone dots 35 can be 
s established fqr each image. signal; These fictitious halftone dots 35 cohtain an amount of fictitious microdots 
34, that all belong to one real microdot 33. This amount corresponds to* a specific density, that determines 
the energy level for said real microdot 33. In a simplified version, one can count the amount of marking 
fictitious . mjcrodots .34 per - reaK microdot 33v and use; that -as energy levehJadex* trt the example in Fig. 17, 
the microdot on ; the:^ would obtain the index 5. r r 

io In Fig. 18 a situation is shown wherein the real microdots 33 do not cover entire fictitious microdots 34. 

In that case, the fictitious microdot contributes proportionally to the fraction of the area of the fictitious 
microdot 34, covered by ther real o microdot /SS^Iny Fig.: 18, four fictitious microdots fully contribute^ four 
fictitious microdots contribute for half and one only for one fourth. 

.,Th£ above described, multilevel halftoning techniques' can - be incorporatedfirv graph\6^ari^\jag6 inter- 
ns preters, such as PostScript (trade mark of Adobe Inc.) and AgfaScript (trade martedf ^Agfa-Geva3rfr A.G. in 
Leverkusen, Germany). Such interpreters get commands in a page description language format to repro- 
duce ^text.'-grapbics and-images on^monitor xm- hardcopy: device^n such r an iri^p>^ter sy^erh, the pixel 
tone curves can be stored as described above in a two or three dimensional array. The *nicroddt ideation 
indicates which pixel tone curve must be selected. The image signal level I is used directly to index the 
20 ^elected ^pixelr tone-curve, or .LUT.LFrom ^this indexrngioperatibn, the:eheicgy lever ihttex ^iseiTfsnn another 
implementation, a series of threshold matrices is built. Such threshold* matrices caniDe^ieriVed for-example 
from the pixel tone curves as described above. For every pixel in the input image, the image signal value is 
comparedoagainst the threshold: values ^associated; with: the corresponding microdot: f Onde the 'interval ife 
found wherein. between; the image, signer vatue»t*sUocatedi the-energy -tev^l or -energy -levef; index that 
25 corresponds to this -interval is also known^t. .lohomi^j r*; / o :: -c : :. s i ce e. ^ , r.- sru 

Although the present invention has been described with reference to^preferrisd erhbbdiments, those 
skiHed;,in ,1n >form ^nd^tietait without departing from the 

spirit and scope of the invention. : ; F. .r.;;^ r :>rs: >:-Qs»fr\ M, vi 

30 Claims :3 ^vV ^qw'' "• 

e'- A \zr.i;h e^f^i err *'»;.>.) 3<3 5nbu.e <-a-A rrion beni^'ie?* t: ^» ,n ;:.0;r; ; r- c n:?© * 

1. A method for3renderingfcanHmage ion.a"tamert3ty arrehdering r sy6t^m ^comprising the folfewfrig steps : 
L f r wr S n-j rtheicarrieriisdivided irf trricrodotsf, each roicrqdot: being addressable by aa^ddfess'^.y) ; 

- the image is represented by one pixel per microdot, each pixel having as information' the address 
35 el :^:^,y) ^d, : an:image'signai'4^ r^'^^r^ -J. >s\'r.:z> •?'•>:>: rr^m .vr;t n>' l .\ ^ehor.i-;:^o ;■■*>:■' z\ 

-rii -;t:^<a -screen: partittonsiaU microdots ^partitions of identical- screert cells,- each screen cell comprising 

etv .cM:.(bA integer and f M>l!) microdots ; Rj i& , ; r.;, 4 v.- te rvi?>;t.** c ; ?-^cv;-r: 

,!snv it -r ;each~microdot ;R r is associated with ta piieel: tone ccurve" for transforming the image signal \ y to 
ri^e :■; \an~energy JevehEj^; t*r* *^:~\ x-h^e-:. r-^^i:::,^ \> V'g*..-* iz*u\ ^ ''•ir^r,* 

40 >; ,r;-'ofor :each .pixelathe microdot Rj iS'determinetTtrdm the address r (x,y)' ahd'thS image signal 7 k, y is 
transformed by the corresponding pixel tone curve U to a suitable energy level V E/;^ ~ ^ 

- the rendering system converts the energy level Ej to a density level on the microdot having 
i^n address (x,y) ^ V* ^l-t.; <■ ; . v.vc c: x\- ::\ 

e 4 is- herein. characterisednhat there are N (N integer and iN>2) energy- levels Ej --ordered in ascending or 
45 ; ^-descending energy level order rand an index S <1^<S<N) selected such that : : " ; : - '^« : - 
;M;rt^,.Et is^a non^marking andvstable eriergy-reveh.>'-'i ^ ^: ^v - .-c - . 

- E S .-E N are marking and stable energy levels ; and " - : ' :r; l ; '< * 

- all other energy levels are marking and non-stable. 

so 2. The method according to claim 1, wherein all pixel tone curves Lj transform an identical image signal 
U*. .designated for a dehsityftigher than a, specific density D^, exclusively to statue energy levels. 

3. t :The;:method: according to :Claim-2, wherein^ ^the choree of stable energy : levels is restricted to two 

consecutive energy levels Ej and E i+ i. 

4. The method according to claim 1, wherein an identical image* signal U-r ^designated for a density lower 
than a specific density D s , 

- is transformed to a stable marking energy level by a first set of pixel tone curves U ; 
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:,r — is transformed to-a stable^non-marking. energy level by a" second » set of pixel tone durves 'Lj ; 
'u i: - iJ.$ tr^n$form.ed-to a-nonr-stabte ^energy levelby3a third set of pixel^tone curtves'Li^ n ^ - T - : - 
/ ■*■: -S. -it^foior s ni bs^i * -- ; :-..:tiV* ^, . :>t:1 t v 

5- : : The method according to claim ^twhereim the number of 'pixel tone 'curves belohgihg* t^ -the-thirci set^or 
s fc t : all image signals I**" is" restricted to ^ fraction; of the amount of pixel Uon.e curves belonging lb* the 1 first 

and sepond set-together for said image:signal l v . ... . v • - e.> ; */w.: : a 

5 :„. . ::,z **n" - : .v. r»»c f ^ \ . r, ' isc r - »o • -tv • s'J 

6- .The method according, to .claim 4, wherein the:number.ofupixel tone' cutves^ belonging to tha r third 1 set J for 

all image signals, I** is restricted to afractionofrthe amount- of pixel tone curves belOnglng-lo^the" first 
10 , set for; said image -signal I v t IK * r, <r * j ■• * ~ ■. **" S ^ v ^>u;. 5 S r -i. ^ • 

-J- . v,-"* ■« {. . :ys. x ^ " t "t; . vi.?^^ ■ '/'rrc^' ' ; ' U. , (, 

7. TJie-method acco/jding to^elaims 5 or 6,-wherein the fraction • is/1 5 pehcent.fi* ' cv. vc: ^ : .jt»: 

> ,* 7 *c '.o* /no o-'v? 'ov r i ■ '" * * 

8--t« The^methodjiaccordingrtp claim; 4? wherein^ thedhirdcset for each image: signal- comprises- maximally, 
75. -v cone^pixertone^curve^ - .v,-n/. i.:,nt oj< .t£-t. «bsi?» sen::?:*-:. *;..- *i;*t..a *• 

„ c ..-^, c * -r -io *- vr^ . m r-^'vr.irnL^ Isr s^i-r^qmrn &:<u& ' v. \ .•.;..*;?,£'« . ^.r^v> 

9v.ic.The method according M tOiany; of claims, 4r 5. or 8; .wherein: exclusively Esds^selecfed ^as stable marking 
j lG; ^ energy JeyeL y&y.j; r ^ ^^r^a^t •:<*■. »r v.? n -a e ;c-o« -i^ t..«?i^ ♦ < s c ^^-.^ - » e 

20 40. TherypneJthocH according, to any of .claims 2; a ( 4; 5ror>8;Lwherein Ihe^ehfsily O^fS obtained by drivrng 1 all 
i ^VGrc^lte^Qf^tl^ejCarrl^ .by: the-energy-.-level^Es^ at ?^r:osa Diori^e^rv t-: *e ; ^ s a ^^-."w a*. ! 

1,1. A^metl^pid for r fendering an image^qn^a carrieti byla renderings system ,v ^com prising the folldwiftg-steps7!Q - 
/©•: the ^rripr^s^di^id^din mie^odots;teac4iOTicrodotJ3eing. addressable fe^ anraddressriXiV)-^' L^ jc? 
25 - the image is represented by one pixel per microdot, each-prxeJ hairing as information the>^add^Bss 

■ i-.r t . :. rr »-^y^^.<?l»'.arttPiag^ ^ignabbcy- '* ^ : ♦ - bedro^&b rn-od i-sii noi7n^vnrfnbii'^e err/ n^i.^^/;/% 
:- rii nr^ a screen Rai*tions:aH Mcrodots/iini partitions ^ 

M (M integer and M>1) microdots Ri ; .nofjnavo* er 1 ; to '50o:. - ;>n6 hua:. 

- each microdot Rj is associated with a pixel tone curve L if for transforming the image signal l x , y to 
30 an energy level E s \ arriiriO 

- for each pixel the microdot Rj is determined from the address (x,y) and the image signal l£ y is 
rC r*r; 4w«sfocrned |he^^prre$ppnding^pi>5el'1one Qurve^^osa?sui^biei ene^gyi=1evcdiBj^ do^.^t .f 

- ttie } rendering ^ysiepijippj^y^fts (the;* -enetgy?leve1:iEf ,taca ^density ite^re^idrEith^ Tnicftjaot- haying 

35 is herein characterised that the pixel tone curves Lj transform eatferya^e t :<ar>thesimBg6\ ; signal to" an 
.. ©Q^TSy i ^.yefoth^t causes. i^ f .mtero>;de_n^^ Sa^eH^owithin' the^ corfesponding 

microdot Rj, wherein the area is defined as that portion^ .the .microdot one or 

. mpr^ ban£s, T 0kw^^ density:^levei;r0^rese^^ted by: ttiejimage* signal, 

and wherein the center lines of all bands are parallel, have the same disfariee^Wiftr respect to each 
40 othergancjpare ? pG^sitjoQed^ and^-orfeinted such . that^ the^cemer l Rhesrjcorttinuotisly> connect over neigh- 
bouring screen cells. ^ :e r.^ i^^^-- c- J ?vnjo >> n -io j \i~*A\o ni-i:. ."oqsorioo ef..' yd c^^rienr ^ 

12. The method according to claim 11, wherein the obtained pixel tone curves iipare? combined with 
-continuous, tone L pixel itpne ^ury^es Kj/that are mutually JdeRttcaheandisfbrnwhichrtr^^ 

45 continuous tone pixel ton^ euryes, K]^oyer the inde)£ i, giv^s^the^samexurve ^s thers^^ 

curves Lj over the index i, wherein the combination .£j V <is ^obtained irom weighted sum, wherein the 
sum of weights is always 1 : fr* : ^u-r, ,r |; ri r-'-i; pr ; >« *r*c - 

Cj = Wj " Lj + Vj * Kj with Wj + Vj = 1 . 

13. The meUipd according to claim. 1 2, > wherein the^ ^weights Wi rare. a function, of the-imag&;signals l^y. - i 

14. The^mfethod ^according to. claim 12, yyherein thei weights, Wjfare ailineaciunction -bfuthe image signals Ix,^ 

55 15. The method according to any of claims 11, 12, 13 or 14, wherein at least one center line passes 
through the center x>f/at least one microdot \rn" . \' -\ i ; = '.o'. * T J 
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16. The method according to any of claims 11, 12, 13 or 14, wherein the center Jines do not pass through 
the center of the microdots. 

17. The method according to any of claims 1 1 } 12, 13 or 14, wherein the center line has a rational tangent. 

1a The method according to any of claims hi, 12, 13 or 14, wherein the vertical distance between two 
center lines is always rational. \ , 



19. The method according- toj claim 11, ^erein identical pixel tone curves are differentiated by a 

ri • 



io perturbation on the function values. ^ 1 



20. The method according to claim 19, wher^rn the perturbations are such that the algebraic sum of the 
perturbations within each set of .equivalent pixeHonejCurves is zero. 



is 21. The method according to claim 20, wherein'the perturbations are alternatively positive and negative for 
neighbouring equivalent cells. : [ 

n 

22. A method for rendering an image on a carrjer by a rendering system, comprising the following steps : 

- the carrier is divided in microdots, eabfe^miCfrodb't. being addressable by an address (x,y) ; 

20 - the image is represented by one pix6l*fper microdot, each pixel having as information the address 

(x,y) and an image signal l^y ; |/j 

- a screen partitions all microdots in partitions of identical screen cells, each screen cell comprising 
M (M integer and M>1) microdots Ri\A 

- each microdot R f is associated with ^jbixel tone curve U for transforming the image signal lx, y to 
25 an energy level Ej; fi 

- -for <sach pixel the microdot R ; is determined from the address (x,y) and the image signal lx, y is 
.transformed by the corresponding pi^e| tonefcurveXrto a suitable energy level Ej ; 

- .the gendering system converts the e^ergyj level Ej to a density level on the microdot having 
'^ddpess (x,y) ; ■ "A \ | T ^ >. 

30 is herein-characterised that each pixel tone^urvejjs a«weigjifed rsum .Qf binary pixel forte curves from a 
binary sfcr^ening method with higher resoiuitjGn. "* .,,--••*-—, ' / f " 

— i-J ■ f ! ^""V— ^ x / r— r- 

2a The method according to claim -22, wher£in/tr)3 weights ard a/function jof the common area of the 
microdot of this method and the microdot ojrjrie' binary pnetho$J.\ '< \ 

35 ^ ^s;yi \ i j ; ^ . — ] 

24. The method according to claim 23, wher^irf the function is linear./ ^ \ 
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